We investigate Cabibbo suppressed D 0 , D + and D + s radiative weak decays in order to find the best mode to test c → uγ decay. Combining heavy quark effective theory and the chiral Lagrangian approach we determine the decay widths. We calculate Γ(D 0 → ρ 0 /ωγ)/Γ(D 0 →K * 0 γ) previously proposed to search for possible New Physics. However, we notice that there are large, unknown, corrections within the Standard Model. We propose a better alternative, the ratio Γ(D
Introduction
According to the Standard Model, the physics of charm mesons is not as exciting as the physics of bottom mesons [1, 2, 3] : the relevant CKM matrix elements V cs and V cd are well known, the D 0 −D 0 oscillations and CP asymmetries are small, weak decays of D mesons are difficult to investigate due to the strong final state interactions, and very small branching ratios are expected for rare decays. However, authors [1, 2, 3] have noticed that the D 0 −D 0 oscillation and c → uγ decays obtain contributions coming from nonminimal supersymmetry which are not present within the Standard Model.
Therefore, these two phenomena might be guides for a signal of New Physics.
In ref. [2] it was observed that New Physics can generate c → uγ transitions leading to a deviation from
(the factor 1 2 was overlooked in refs. [1, 2] ). Motivated by the importance of this signal we investigate Cabibbo suppressed radiative weak decays in which c → uγ transition occurs. As a theoretical framework we use a hybrid theory: a combination of heavy quark effective theory (HQET) and chiral Lagrangians (CHL) [4, 5, 6, 7, 8] . This approach, accompanied by the factorization hypothesis, enables us to use the Standard Model results for electroweak processes. It is possible to apply other approaches like for example [9] , but the result which indicates the deviation from tan 2 θ c cannot be very different from ours obtained with HQET + CHL. In fact, our results agree with [9] within the uncertainties.
We calculate the ratios between various Cabibbo suppressed and Cabibbo allowed charm meson radiative weak decays. Analysing them we notice that the relation (1) can be badly violated already in the Standard Model framework, while a similar relation for D + s radiative decays, i.e.
offers a much better test for c → uγ.
The paper is organised as follows: in Sect. 2 we sketch the relevant theoretical framework for radiative decays; in Sect. 3 we give results for the branching ratios of the widths for Cabibbo suppressed and Cabibbo allowed radiative decays; finally we make a short discussion of our results in Sect. 4.
Theoretical framework
Experimentally radiative decays of D mesons have not yet been measured, while the known branching ratios of D * radiative decays [10, 11] can be described using the combination HQET + CHL [8, 12, 13] .
The initial HQET ideas [14, 15] were implemented with the chiral Lagrangian formalism for light pseudoscalar mesons first in [4, 5, 6] , and the electromagnetic interaction included in [12, 13, 16] . Consequently, the light vector mesons were introduced [7] , following the hidden symmetry approach [17] . We will follow the model described in [8] , where in addition to [7] the electromagnetic (EM) interaction was introduced.
Let us briefly describe the relevant terms (for the charm meson radiative weak decays) of the Lagrangian [8] . The main contribution comes from the odd-parity Lagrangian
where [18, 19] , f = 132 MeV is the pseudoscalar decay constant, while the phenomenological parameters λ and λ ′ are constrained by the analysis [8] :
In (3) Π and ρ µ are the usual pseudoscalar and vector Hermitian matrices
with η = η 8 cos θ − η 0 sin θ, η ′ = η 8 sin θ + η 0 cos θ and θ = −23 o [10] is the
is the light quark sector charge matrix,
where D a * µ and D a annihilate, respectively, a spin-one and spin-zero meson
.8 [7] , and
with B µ being the photon field with the EM coupling constant e.
The first (third) term in (3) describes the anomalous direct emission of the photon by the light (heavy) meson, while the second (fourth) term, together with the vector meson dominance (VMD) coupling
describes a two step photon emission, with an intermediate neutral vector meson with mass m V which transforms to the final photon.
A charged charm meson can emit a real photon also through the usual electromagnetic coupling
while a charged light vector meson can produce through
first a neutral vector meson, which subsequently transforms via VMD (9) to a photon.
The weak Lagrangian is approximated by the current-current type inter-
where 
with sin θ c = 0.222. Possible contributions caused by the penguin type diagrams are found to be very small [9] .
Many heavy meson weak nonleptonic amplitudes [20, 21, 22] have been calculated using the factorization approximation. In this approach the quark currents are approximated by the "bosonised" currents [4, 7, 8] , of which
will contribute to our amplitudes. The numerical values for the masses will be taken from [10] and for the decay constants from [22] .
It is now straightforward to calculate the decay widths. The result, of course, depends on the numerical values we take for (λ ′ +2λ/3) and (λ ′ −λ/3).
3 Cabibbo suppressed radiative weak decays in HQET + CHL
Apart from the Cabibbo allowed decays D 0 →K * 0 γ and D 
with a(+1) = a 1 and a(0) = a 2 . (k, ǫ γ ) and (p V , ǫ V ) are the 4-momenta and polarization vectors of the photon and vector meson respectively, while v is the 4-velocity of the heavy meson.
The overall factor K c contains the Cabibbo angle and is equal to cos θ c 2 for allowed decays, to + sin θ c cos θ c (when there is no s quark or antiquark in the final V ) or − sin θ c cos θ c (when there is at least one s quark or antiquark in the final V ) for once suppressed decays and to − sin θ c 2 for double suppressed decays. The coefficients C (i) in (16) can be written as
The coefficient
For the remaining final state vector mesons this coefficient is expressed as
where the pole coefficients b V P i are given in Table 1 . Furthermore we have [1, 2] it was noticed that a nice bonus can be obtained by measuring the charm meson decay width D → ρ/ωγ which is generated by c → uγ transitions. Namely, the authors claim that observing the violation of equation (1) would then eventually signal New Physics [1] . Using our model, which pretends to describe the low energy meson physics within the Standard Model, we find that this relation does not exactly hold due to U (3) breaking. We assume that the leading effect of this breaking is to change the values of the masses and decay constants for different members of the same multiplets and between octet and singlet. However, one would naively expect deviations from this limit in the Standard Model of the order of 20 − 30%.
We will see that this is not true for the D 0 → ρ 0 /ωγ decay, but it is correct for D + s Cabibbo suppressed radiative weak decay. Within our framework λ and λ ′ are the most important parameters for charm meson radiative decays [8] , and therefore we present the ratios of the decay widths as functions of combinations of λ and λ ′ . Our result for R ρ
(1) is showed on Fig. 1 : if the combination of (λ ′ + (16) it is easy to derive a deviation from equation (2), which is exactly correct only in the U(3) limit. The result for R K as a function of
λ) is presented on Fig. 2 (note the changed scale with respect to Fig.   1 ). We notice that the result is rather stable within the allowed region for
λ). The discrepancy to relation (2) is due to U(3) breaking and is of order 30%, as usually expected. If the the experimental results are found to be far away from the curve Fig. 2 , one can interpret it as a sign of New Physics.
We point out that it is difficult to observe all these decays. In fact the 
Conclusions
We determine amplitudes of Cabibbo suppressed radiative decays using the combination of heavy quark symmetry and chiral symmetry, which builds an effective strong, weak and electromagnetic Lagrangian. This theoretical framework just illustrates the characterictics of these amplitudes in the Standard Model. In our framework two parameters, λ and λ ′ , are not well known.
We show the dependence of the ratio between the Cabibbo suppressed and
Cabibbo allowed decay widths on the combination of λ and λ ′ . We find that is better to search for a signal of New Physics coming from c → uγ decays from the ratio Γ(D (19) , where s = sin θ, c = cos θ and θ is the η − η ′ mixing angle. 
